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The COP9 signalosome is a multiprotein complex
somewhat similar to the lid component of the 26S
proteasome. Recent studies suggest that it regulates
the stability of proteins by interfering with the
ubiquitin–proteasome pathway via deneddylation and
phosphorylation.
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Degradation of regulatory proteins by the ubiquitin system
plays a crucial role in many signalling pathways. Ubiquitin
modifies target proteins to tag them for degradation by the
proteasome (for review see [1]). The conjugation of ubiqui-
tin — itself a small protein — to a substrate protein is
accomplished by a set of ubiquitinating enzymes. Ubiqui-
tin is first activated by a ubiquitin-activating enzyme (E1),
and then ligated to the substrate by a ubiquitin-conjugating
enzyme (E2) assisted by a ubiquitin protein ligase (E3).
Proteins that carry a chain of ubiquitin molecules are recog-
nised by the 26S proteasome and rapidly degraded. 
There is a remarkable similarity between the lid component
of the proteasome and the COP9 signalosome, a multipro-
tein complex first discovered in plants but now known to
occur generally in eukaryotes. Each of the eight  protea-
some lid subunits shows significant sequence similarity to
a COP9 signalosome component [2–4], and even the qua-
ternary structures of the complexes resemble each other
[5]. There is an increasing body of evidence that the two
machineries, the ubiquitin system and the COP9 signalo-
some, cooperate in regulating the stability of important
cellular proteins. Two recent studies [6,7] in particular
have shed light on the mechanism of this cooperation.
Interactions of COP9 signalosome subunits
The COP9 signalosome was first identified in the model
plant Arabidopsis, the discovery coming from work on
mutant plants with defective light-dependent develop-
ment [8]. These mutants failed to switch off photomorpho-
genesis when grown in the dark, as a result of their inability
to accumulate a protein dubbed COP1, for ‘constitutive
photomorphogenesis 1’ in the nucleus. It was therefore rea-
soned that COP1 acts as repressor of photomorphogenic
development, and that the epistatic mutations in the COP9
and COP11 genes must be upstream of COP1 in the sig-
nalling pathway. In gel-filtration experiments, COP9 and
COP11 proteins co-eluted in high molecular weight frac-
tion; further purification identified a 560 kDa multiprotein
complex containing those proteins. The isolation of a
highly purified homologous complex — the COP9 signalo-
some — from mammalian cells enabled detailed characteri-
sation of its subunit composition [2,3]. Eight subunits were
identified, now called CSN1 to CSN8 according to their
electrophoretic mobility, with CSN1 moving the slowest
[9]. Some of the COP9 signalosome subunits had come up
in other contexts, in particular they include ‘Jun activation
domain binding protein 1’ (Jab1) and ‘thyroid receptor
interacting protein 15’ (TRIP15), recently renamed CSN5
and CSN2, respectively. 
Further studies in various species have provided valuable
information about subunit–subunit interactions and about a
range of proteins that interact with the COP9 signalosome
(reviewed in [10]). These data indicated that binding to the
COP9 signalosome affects the subcellular localisation and
stability of certain regulatory proteins. Binding to CSN5
was shown to stabilise proteins such as the progesterone
receptor, the steroid receptor [11] and the IκB protein Bcl-3
[12], but it also promotes nucleocytoplasmic translocation
and degradation of the cyclin-dependent kinase (Cdk)
inhibitor p27kip [13]. Overproduction of CSN5 was found to
stabilise the precursor of the lutropin/choriogonadotropin
receptor [14] and the transcription factor c-Jun [15].
Kinase activity of the COP9 signalosome
CSN5 was originally described as a coactivator, Jab1, that
increases the specificity of AP-1 transcription factors by
binding to c-Jun or JunD [15]. The identification of Jab1
as a COP9 signalosome subunit led to the re-evaluation of
its described effects on the c-Jun pathway [2,3,16]. A
serine/threonine kinase activity associated with the COP9
signalosome was detected, and its specificity for c-Jun and
IκB characterised [2]. COP9 signalosome-dependent phos-
phorylation could be inhibited efficiently by curcurmin
[17], known to have anti-tumorigenic and anti-angiogenic
effects [18]. De novo formation of the COP9 signalosome in
HeLa cells, induced by overproduction of CSN2, was found
to stabilise c-Jun and increase AP-1 activity [16]. These
observations suggested the existence of a COP9 signalo-
some-directed c-Jun signalling pathway [16].
The tumour suppressor protein p53 has now been identi-
fied as another target of the COP9 signalosome-associated
kinase activity [19]. COP9 signalosome-specific phosphory-
lation of p53 between amino acids 145 and 160 promotes
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degradation of the protein by the ubiquitin–proteasome
pathway. Inhibition of this phosphorylation, either by
curcurmin or a phosphorylated p53(145–164) peptide, sta-
bilised p53 and led to accumulation of the endogenous
protein in vivo. It appears that substrates of the COP9
signalosome kinase activity must bind to one of its subunits
in order to be phosphorylated. CSN5, for example, recruits
c-Jun [15] and p53 [19] to the COP9 signalosome, whereas
phosphorylation of the interferon consensus sequence-
binding protein (ICSBP) requires binding to CSN2 [20].
Deneddylation activity of the COP9 signalosome
The transcription factor HY5, which induces the expres-
sion of genes responsible for photomorphogenic develop-
ment in plants, is stabilised upon phosphorylation. Recent
studies have shown that COP1 promotes the proteasome-
dependent degradation of unphosphorylated HY5 [21].
Interestingly, COP1 contains a RING finger domain, char-
acteristic of a family of ubiquitin ligases, which indicates
that it might be a HY5-specific ubiquitin ligase. As the
COP9 signalosome regulates COP1 activity, this was the
first hint that the signalosome might control components
of the ubiquitination machinery. 
Co-precipitation studies have now revealed that COP9
signalosome associates with SCF, a multimeric ubiquitin
ligase responsible for ubiquitination of p27kip, IκB, a subset
of cyclins and other regulatory proteins [6,7]. SCF contains
Skp1, Hrt1, substrate-binding F-box proteins and a RING-
finger domain protein of the cullin family as major compo-
nents. Cullin is modified by the covalent attachment of the
ubiquitin-like protein Nedd8 [22,23]. Cells of the fission
yeast Schizosaccharomyces pombe deleted for csn1+ showed an
accumulation of Nedd8-modified — neddylated — cullin
species, accompanied by a significant increase of SCF
activity [6]. Together with the results of reconstitution
experiments using purified mammalian COP9 signalosome,
the data suggest that the COP9 signalosome complex medi-
ates cleavage of Nedd8–cullin conjugates.
Studies in Arabidopsis showed that reduced levels of
CSN5 cause insensitivity to the plant hormone auxin [7].
In the CSN5-deficient plants, SCF-mediated degradation
of PSIAA6, a regulatory protein of the auxin response
pathway, is compromised and an accumulation of neddy-
lated cullin was observed. These findings indicate that
tight regulation of neddylation and deneddylation events
might be important for the degradation of certain SCF
substrates. In fission yeast, however, deletion of csn1+ did
not affect the stability of the SCF substrate Rum1 [20].
Moreover, although fission yeast cells deleted for csn1+ and
csn2+ display a cell-cycle-related phenotype they are still
viable, indicating that COP9 signalosome function is not
essential in S. pombe [24]. Interestingly, deletion of ned8+ is
lethal in fission yeast [25]. It therefore appears that,
although neddylation is crucial for viability in fission yeast,
COP9 signalosome function is not. In the budding yeast
Saccharomyces cerevisiae, the picture is slightly different as,
apart from CSN5, no other orthologues of COP signalo-
some subunits have been found, and deletion of the gene
encoding the Nedd8 orthologue, RUB1, is not lethal
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A speculative model for how the phosphorylation and deneddylation activities that have been shown to be associated with the COP9 signalosome
might act in concert to regulate substrate ubiquitination by the SCF. See text for details.
and COP9 signalosome function developed as an addi-
tional control mechanism for the degradation of certain
SCF substrates.
Why not both deneddylation and phosphorylation?
Inhibition of the COP9 signalosome deneddylation activ-
ity by the alkylating agent NEM suggested that removal of
Nedd8 is accomplished by cysteine protease activity [6].
Sequence comparison studies indicate that CSN5 is the
only subunit of the complex with homology to cysteine
proteases. Moreover, deletion of the CSN5 orthologue in
budding yeast led to accumulation of modified cullin [6].
CSN5 is therefore a strong candidate for being the dened-
dylase. Two-hybrid studies have shown that the cullin
CUL1 binds to CSN2 and CSN6, but no interaction could
be detected between CSN5 and CUL1 or any other com-
ponents of the SCF [6,7]. That implies that CSN5 would
have to cleave CUL1–Nedd8 without binding it directly.
It would be interesting to find out whether recombinant
CSN5 protein can cleave CUL1–Nedd8 conjugates, and
whether mutation of the conserved cysteine residue in the
putative protease active site of CSN5 leads to the accumu-
lation of Nedd8-modified cullins. 
The question is whether the COP9 signalosome deneddy-
lation activity can be assigned to one of its eight subunits
— perhaps CSN5 as suggested above — or to a protein that
co-purifies with the complex. There is a similar problem
with the COP9 signalosome kinase activity. None of the
COP9 signalosome subunits shows significant sequence
similarity to any known kinase, or has been shown capable
of phosphorylating model substrates on its own. One expla-
nation for this would be that the kinase copurifies with the
COP9 signalosome complex. Another possibility, however,
is that the kinase activity might need the cooperation of
several COP9 signalosome subunits. The same might be
true for the deneddylation activity of the COP9 signalo-
some. It is conceivable that CSN2 binds to CUL1–Nedd8,
which then becomes accessible to CSN5. In budding yeast,
other proteins might mediate the interaction with CSN5.
Therefore, both phosphorylation and deneddylation might
be catalysed by the COP9 signalosome, which would allow
the complex to interfere with the pathway at two points —
the substrate and the E3 ubiquitin ligase. 
A possible model of COP9 signalosome action is shown
in Figure 1. In this model, COP9 signalosome-specific
phosphorylation of a substrate protein triggers either its
release from the complex and stabilisation, or the association
of the COP9 signalosome with neddylated SCF. The COP9
signalosome—SCF interaction results in transfer of the
phosphorylated substrate to the glycine rich repeat region of
the F-box protein, and its ubiquitination. When, after a
number of conjugation steps, the ubiquitin chain has
reached a certain length, the cullin is deneddylated by the
COP9 signalosome, causing inactivation of SCF and transfer
of the multiubiquitinylated substrate to the 26S proteasome. 
Taking all the data together, it appears that the COP9
signalosome acts as an interface that links various signalling
pathways with the ubiquitination machinery. Future work
will provide further insights into how the kinase and
deneddylase activities of the COP9 signalosome complex
regulate ubiquitin-dependent proteolysis.
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